\ <x3Ia]| Djlll (1) — ( e-U^SlI ) e-L^ii!! 

( E ) Lg^Wjfr^' J^^jl aAui j ( J ) 4 W^tll j £q ^ 4 W<rtlt (J& £<ua^]| 4iUa Iajju 



4 j ! jill ljIAa. ,jl\ 4^±L 


tiij ; cjlAijJl Jj^aj 

1km 

— ► m (x 10 3 ) 

lg 

► 

kg ( x 10 3 ) 

1 cm 

— ► m ( x 10 2 ) 

1 mm 

► 

m ( x 10 3 ) 

1 pm 

— ► m (x 10 6 ) 

1 nm 

► 

m ( x 10 9 ) 



: 

(i 

( 200 N/C ^ t^Wj^S JLh iHaiA J ( 2(lC ) 

4illa ^gk lj^uuSJI jl Skkl\ l-ujo^I ? Jl^Jl alaul (JJ&& 2 cm 4i^^ ) 

: <>J' 

• LjlJaX.A.1) 

d = 2 cm = 2 x 10 2 = 0.02 m E = 200 N/C 

q= 2pc = 2x 10‘ 6 C 

4j^>ull (j\k JL^a]| dIauI (jf-uSs^ ^ j j 4jl^ 4 W/i<\\ Laj 

ca-iljJ^ £*aj 4iUa iluuu^l 

Eqd = 200 x ( 2 x 10' 6 ) x 0.02 = 8 x 10 6 J 


(2 

. (V/m) ji 2400 N/C olS m j^ 1 JM j' >>' 
f j^i jjj a Lii 0,5 cm j*>jUI ^ oUil J 

J^JI 

l jls 111 j 4 jj 1 j 4 ju 3 qJ Jl>dJt 

Vab = Ed = (2400 V/rn)(0.5 x 10 -3 m) * 12 V 
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AjjjjUit 4 ji^)jJ) $ jilt 


lA J j 4 l < v/n 4jjLj^£il 4, W^tl 4illall ^A * 4^Ua 

4SJaLj 


If j££j 4, WaaiII (jli JIa-aII al^jj <jduij ^ ( q+ ) 4 jl^ 4jjLa^I 4 ,W^ c1i£jaJ |j|* 

4^l^a ^31 Jjajj j ^jbj^Sil £uaj3l 4iUa £)-* 



4lUa ^u*<Ti 4i^oi3l (jli JWaII dl^jj (jjtkl ( q -) 4 jl]^ 4jjUlkl A,i\^ CoIIj IjI* 
.( ^n^/i (ju&Jl ) l^a £ ja 4iUa If j££j j ^bj^£ £-Ja j 



j_uLjHt^ jjLL j j^iJI 


j-ua j3l 4iUa ^ jJu]| ^ jIuuj ^jLj^SJI JI^a 3| 4Jlkla 4 W^ill JjAj-aJI JLuJl 

W = A PE = Eqd = KE 


[ N/C ] Jt*-M : E 

[ m ] ^ AiLuiAli ; d 


[ J ] 2^j]| 4iUa : PE 

[C] :q 

A *•>■ -*<t AS ji. 4illa ; ke 


2 6 jill ^ \ ^ ^ sb^^l! ^ ebjjill 

( e = 1.6 x 10 ' 19 C ) 0£x>$ fcaA OW Ufc , ^Uj4ill JbAI Sj*i 


4 j.lL ^jbj^L JIaa &Laj| qj&£> (jk ( - 2 mC ) *bJbA 4 WL Jill ^jiUl Ji-L 3 l jiLLa La ( 8 



34 mm 4 ib^l 700 N/C 

4 mm 4 ibjAl 3.5 jnC 4 -koi Jill ^j^UI J*-L 3 I £b ckak li) ( 9 
1.96 X 10' 6 J cs jlA tPWj^ J 1 -?- 4 ASkLi 

: -^jl 

JUaI! aiL 
-jUI cs*jk £& jJ& 
d = 6 mm O^jilt 4 WL 1 I <jji 1 Jill Aptlt Ji^Ll! 


<jjb L)^ 3 ^ LfcW 4 jJ*uaa 1 g 1 $j3j£ SjS Cjx^aj ( 10 

: <^lbll JlLl! 4 ^uiajj U£ 10 cm Uj . in 42 Laa 3 Ij 120 V 



f I j^Jl ^2 4 Hxa SjSJl JLajl 4kbj££3l 4 j^L1| £ jj * 
qj^j11\ <jjj JU*a 1! 3-iL * 

jaiujj ui UJ* 5 4ilxA JJajl Sjill 4 -aj^UI 4, VvLlt * 
<ja ^k! ^11 4 j^^uja 1) d j£l) £2 jl ^jiUt Ji-Ll) * 
<# jk« C^' cP cA* 31 t^ 3 ' 


•^jl 


JjL (joluajA LjjjjIjja o^jl ^jla (J£i 5 g 1$^* 4 jj^oja SjS Li*-baj ( H 

^Ull JLL3I 4 v^jj La£ 10 cm b^Jjj 42 Laa 3 )j 130 V 

^jl 



f I j^ll <^2 4iiua s jill J^ail 4ojbj^Hl 4 WL1I £ jl * 
jlll ^bj^Sll JI^aII 3-lL * 
li^ *n <j! 4 a1xa J-^t 3 j£il 4-aj^U! 4 WLl! * 
£jlll <JA ^k( ^3l 4 J J^oJaI! S j£ll £2 jl fj}ll| JiLull * 

<# jk« CJ^ ^ c^ 31 


jLajl fj^Ul ^a.11 Jjj2 uua! ) (jiajVI 4aj3l^. <jjA*a 4jj.1aJ! Llja ja ill ^2 JlLl! ljjI£ |j) 

.IfrjlLa ^2 SjjluuA 4Ja^ll 
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(3 


ujjJjJl yj 1 C UjIjJu 12.0 V Ojllw i5jJ^ Ja-J) U 

<f sj^kll J[ wJLul 

W = qM 

W*(l CX+12.0 V)= ♦ 12.0 J 


: LyJ-“ 

300 N/C 4 j^aa ^aJalLa 4 jjLj^£ JIaa AaLja ^2 S J ,ja 3 JLIC 4 a^ ,ja 4 jjLj^_S 4 ,W^ ( 1 

: uu^l 

Uk' lj^ jaII ^ jlll uijla ^3 1 laILaII ^ jlll uijla ^ja 4a^uJ) Jill Jj^aII JLill * 

2 cm b^Jjj 42 Laa 3 ) ^b 
1 Cm 42bAAl ^jbj^ill JL^aII dl^ub 4 a^oa 11 JliHI dk S 4 ijiLall 42lLll * 

4 jJ 2 u ^jbj^£ JkbA dl^jj ^2 ( - 2 JLlC ) 4 a 1 La 4 a^oa Jill ^J^Ul JxaaII j)^ 2 a La ^ 2 

0 . 5 cm AiU^Al 100 N/C 


JL^a dl^jb l^llill) Ak 6x 10 J U jJ2 ^jbj^£ j-ua j 42lla 4kbj^£ 4Wui Cjji2 ( 3 

20 cm 42 Laa3 400 N/C 

4ajbj^£l! 4-kail! ^ jj Ia * 
4kbj^Sl! 4-lakal! jl^iA * 


4 j.lL ^ib JkbA dl^jb 9 JLlC ^kaj 2 4 kbj^£ 4 a^oj Jill 20 mj dji 2 ^jLL Jij ^ ( 4 

, 3k N/C 

4kbj£&li 4 WL1I £ jj Ia * 
lgj2 JsuaI! Jij <bi5 j3! 42Uaa1! * 

dkj! (jj^ IfSliH! lk ^jbj^£l! l^juia j 42 lL £y* 33 X 10 " ^ J 4 jjIjj^£ 4 -kkii Cjji 2 ^ 5 

15 cm 42 bAAl 220 N/C 4j-iL cPWj^£ JUa 

4 jjLj^£j| 4 KL 1 I £ jj Ia * 
4 jjbj^ 2 J! 4 WLtll jUSa La * 

JI^a 4 ikk ^2 4 Jlijj| ik 24 X 10 " *“ J 4 jjbj^£ J-La j 42 lla ^jjjjil! LkjS! ^ 5 
( e = - 1.6 x 10 ' 19 C ) jjU lL , 120 N/C 

LiuAl 

#( jjjji 3 V! l^j^b^! 42Uaa3! 

j 42Ua ? ^ibj^£ JIaa 4ilajA ^2 15 mm 42 Uaa 1 4jil lk jjj l-luL£I ( 7 

4 ^ 1,45 x 10 5 J 


iij. oLL - J! i pO JiJi rJ jyi y, oriji Jii ( h ■ w> v bajfy' an &£*• 

iji yi_ji Act w r »mU v>J l ^ ^ J Jj iyji/ *s> ai )* lj • 100 eV y 

JUI t*IJI yOi ‘-j>_j 1 | *-ji!l 

(18 

e ICO V ijljJL if>U Ujii 60 jj C L*jkui *1*^ o* 3 ^ ►f- 1 ^ j^ 1 ai ^ 1 ^ 

( 1 ? 

^J_J| jIaJu jj U 30 V Ojijit j+*JU j> Jlli 4.D X 10 fi m/5 U ; 1i bj-i u^l { £jW ) 

*.' ,j4 AiW P^il»Jl 

(20 

jjj ,Ijju L. 4.0 x 10" m k iulpJI Ot r J* 60 x 107 lu/s ay)J W J J| * 

» ^>JJ| Ijj £*fj ji> V ^>*^! O' $ 

(21 

2000 V (>>yjl j* Af^'l 3ji 0^‘ • y*y ^ lj 0* 4500 eV ^ ^ ^ 

jljJU L» (w) v u^yl C> JI ^ ^ jy^l UiU< ( cJy ) 0>'l Ok jl* L < I ) 

uU» ^ «j Uli ^ uJ^ obUJt rfi K) * 3^U ^ O' Jf> ( Ojj^ ) 

( 2e j* 4 pylj ll jl v Ufl> y>> i UJi isyJI 


,<iJ jajj Ajibj^iSt 4 Wni'l <^331 4jjUa3l (_jA ; ( V ) 


: cs' 


*»**;**■ ■■ <Uam] ^ ^-0 (j* 4 i_i Ijilb AjjLj^S 4 *•*■ ■ * CaAa.j IaI 

,»jaj uAaJlwa * -ill ■ iJt ujjASLi Cul£ bt (JjiSxIIj ^jfr A U ,^.U 


V - w _ A PE _ Eqd _ FH 

~ ~Q~ ~^~ ~ [ 

(j*> : ^bj$£Jl a^aJI (jjLk Sa^j 

[V] ,[J/C] , [ N.m/ C ] 

A£»JI jj*j 3I lAA j ? (j nh^i Jyj A£aJ! <Lua jjijil jA J ^Iaj^I . ^>1 1 ^JjS 

. sjjIaJI (jk <-■! la. iuJI nji^ljjASl 4j 


Jkaj Uw lilluJI a ^jj ^JjS jjj*j ( * Lj^£2t jA*a« ) AjjUajII J^au 

. Aj 2 S jajj CaUjjj^iVI 
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(12 


A r 4-til jjLdb . B jfjJi )>j A 1> iJjib JliJI y ^jii 

j_* Li 0# 10,000 V 3-JW ^>J ij . 8X IO^hi/b U ; l^ 

j^i V B j^L- cliUt a^ ojjjjiJl L a ^ ^1 «jJl jU* ^ l* - ^ 

A 8 . 01,23)1! V3ll( ,s> jAii aui ^ 


Mii;' 




f 


I 



i J a l ft ^ *tif J 4 

T £ ji Jili UiJft 

yij -6.0 k 10 t tti/h 


hi rxin v 


(13 

. 13.6 CV b S mIam 4$h TsjU a J ja>4 lA^lk iji (y J Lm a>L flLsI 

oljj jjJ |ji j-wlJ jjjliJl ^jjl ^ Lii jijijl 
OJlJIuI ^rJ^I .L_>j! iJI L , VaH J^L> ( Cl £ j*j ^ L * 2be CiLi^Jjijjj 

V V,y jUll Ij+J 

( 1.6 x 10 19 C £a*£) 

(14 

'.' 24 V A**! 1 Jji jilfi Oi^ jff 1 0+ " IJt Oij^i yjUJt JiiJ 1 jlji* k 

(15 

V '250 N/C di .Jsiit JU* jiAiila 4 m a '-« j y)jt ^ ^ U J‘ 1 ^' | J iiJI J Im * ^ 

(16 

y 1>JM J| a i_^g 2S{I0 V/ffl Oii ^j+b JLu Li aki* ji obli*^ Oj^i >> i: 1 

UUI J» U (yj . 7.2 x ID* m^e JJ ^ j<A« 3-“ j 1 * ' i, -‘ !l ^ 1 } 1 

f oj^jl ai* J%> j^'* ( L*^ j^ ! 


(17 


4 <x31aP 6 jill (4^ — ^ ^ s-b^^^ 

Q^jti\ o±} AjA^I <jjS x 4 V\<*ilt 

W = V.q 

i_aja]| (ja JISHjVI aj£ ^pbjj^il Ji^A.11 JL * 

( v a > v b ) cPWj^' iits- J c^i ci 5 ' 


Jl ^ <ftl| d A<UI Lm 


: Jl^» 

1 , 20 cm W4w O-yjijk cj^jJ Oa 150 V <jjs 4j ( 1 

V = 150 v d = 20 cm = 0.2 m 

: iM 

E = V / d = 150 / 0.2 = 750 N/C 


QAi JIaaII ilui j 50 mm ' a j lu AiUitait (jjjJt jHa qja , jl £jjj Jjjfl i-lua! ( 2 

.450 N/C 0^1 

. CiUiaxAll 

E = 450 N/C d = 50 mm = 0.05 m 

: <>J' 

V = E . d = 450 x 0.05 = 22.5 v 


1 , 40 cm W ' b . 1 ^iUuAll £jj j!ji» ^ 200 V jjfi Jalu ( 3 

Cm SA 

( 40 cm ) ( 2 cm ) <aU**] 4 |iC jfcl 41^ 

;l“.l <U« aN 


d = 40 cm = 0.4 m 


Y = 200 V 


q = 4*iC = 4x 10 6 C 


d = 

200 / 0.4 = 500 N/C 

: <>J' 

)- 6 

x 0.4 = 8x 10 4 J 

( d = 40 cm ) 

-6 

= 8 x 10 4 J 

: j' 

)- 6 

x 0.02 = 4 x 10 “ 5 J 

( d = 2 cm ) 



(4 
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(jlte 4auxJ1 Jaju Cj-a 9 ^Jbll JLuJI (jk 4aJs ija]| 4jjIaJ| 4AJaAlb til b 4,jua*i <jLa j 
. JjjS jjjIj Ja ljLulL f Lb I J*aj Iaa B J A ^jUV! f LaJI glLjl jjj£j 

f Lb I ^ jIula <jl *1 ai^W f LaJI jjj-4 jaLulluu Ja*JI 4ausa] 1 biL jj IaI 

# fU3l jjja (JSjjjj (jbUVl (jk 

JjjS jjjb Ja ljLuuj CjUjjjSJI J*aj bua AlluAI tjj & ijlalt AjA jjjxj Jaju 4jjUaAl <A1 ]a£ 


5 ji^a ^ jLuoj AjAp JjjS oi c$l LjuSjla AjA 4ijUaJl Jjxia flj_IP Aau 


C_jLlU4jVl (j£- LjUjjjSJVI L-iSjjluJ I i] 





ltJ 1C- J1qJ> in 2l^> 


+ 



V Saajj (jdulij J ( £ ) 4-ubjj^ll 4jifilAll S jLb ^jbjj-SJl jAuflAp AjA ^aujj 


AjauJ) SAa j lj,^ 1*1 4*1 ^ai! Aoibjj^Jl 4iUalj ^ ^ Ajjb^^t 4 ji^)a]) djAll 



^jbjj^Jl Aj-aJ) Saaj Aoibjj^Jl AjdlA^I S jilt SAa j 


ja j!il\ fail A^LuaP x ^a ,^1]| (jii ^utUil JIaaII SaJu 


V = v a - V b = E.d 


= jiVl AaI (jA 4 -aui Jil] Aaj^UI 4^lla]| 


, 3.5 k N/C , 2mm t * t uj ^^aI' l)^ ( 5 

C - Lut^l 

£jiil ^jia £jj JfaJl JjS 
(jJJ (JLiliVI Jjfr 1 fi j , 1 AiUall 

AiUa lui tuSli 5 Cm 04^ d 04 4 ' ^ l " 1 * ** J^- 4 A^ala 2 (LlC ^ 1 * CiSjaj ( 6 

*«*», 5.3 x 10' 16 J 


L '444 J'-^t 

d = 15 cm d-i '-‘‘k cA>k 044 <jj* 

(7 

f 100 V ajljli j+*U jji 60 pC Ujljii «i>i w-** 4^ j^ 1 « Wl J ljLl ^ 

(8 

f jjaH ji o.o V I^jj 4jU JJi jjWi i* 4.0 pc '*> w ^ ^ ^ ,J 

V wJLJ'l JjUl J wi^p J>JI j* l*XI fSj 

(9 

a . .. Li t aLli i*i 1 3.0 V Wj » W “ Ul 4 >> i ^ J -^' * ^ ^ ^ ^ jli * L 

(10 

J_^JI ii*^U ( i ) 1,6 V l^j L,lL Jh 0.6 mm UjIjL 3iU CfVi'j* 0^** >J 

ch? o^l 4f jJti i ji' *ji® >* lj (v) T W 1 j* j 1 ^' 

(ll 

E ^ ji^ L* ttU J» aLfij 40 cm UJiL iiL. L+i* N j .4 ifUEl 1 
vu Jjyji ajnjI ( i ) , ^Vl it A UUl m* 6V f^ 1 wflfl V U*^l* j/; 

(12 

. 1,5 cm ,jj> j*>JJi um «Lil I ili . l^OOO V jjyijb j4* j» ^j 1 -^ 1 ^j 3 j» J^ 1 ^ ^ 

? t **/ 1 jh r 3 *^ 1 j * ^ 


(13 

(i X 10B m/rt ji yijOvUl iijjl CJuli' Ijjj . 0 Jl}i >i rjj o- Jju^l 

Jjt * ^j_>^U | ^ .j vii j,jj .jtSj >ij i 4 >; 10 fl rn/s y> i^U f tf 1 j' j 14 * 4 O^J 

f J^I L P M> o, jti f i >i M jiaJl : jJ) ! 

(14 
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o* oUl ji ji (VZm) ji 2400 N/C jLS j* j^SH Jl*Jl ji >>' 

V 1 , ■ t \ j >^l jj 3 Lai 0,5 cm j ^> jUI 


i, IU j 4 jjIj <Uji qJ ^ j-pJI JlvJl 

Vau = Erf = (2400 V/rn)(0i x 10' 3 m) - 12 V 


(5 


JjJJl ^ 1 C Ujl4JJ ^ 12,0 V Ljliu J* ^ 

\ U > jrll JjkJl JI wjJLul 


t-L>qj Jiifl 

ffs(l CX+12.0 V)= 1 12.0 J 


: 

4 -u^l 5 15 cm U^ . in AiL^xJI &£j\Jaa J& 120 V ^Lu ( 1 

( j # JU - aJI SjJu 

uJLuJl ^ jUl lj^ j-a 3| ^ jl3l i-i jla ^a JiU A-4 j^Ul AiUaJ! 

c-jajjJI ^jU! JS c-^LuJl ^jUl qa 7 jliC ^ W<*i J 111 4-4j^Ul AilSaJ! 

4 i ' Va 4 ^ j^Ul (JauJuil 


JIa - aII o ^ jj ) jIa JIUjV ! • ll ^’ 4 JLI J 4 jjLj ^£ Jjia j AilU (jjjjSJt l - iuu^I ^ 2 

9 d j 130 N/C W - bJ 

jilt C 5 ^jia 

(jju AiLutAJ ! 


9.6 X 10' 16 J 5iUa ( CjUjjjjj 3 ) 3P ^ ( 3 

3 juC t-Lu&i 25 cm 1 4 j ij. 1 o 4 i 9i2i JIj ( 4 

, 8 x 10’ 4 J 2 ^ J 
LJ ^^' 04 i <jd 

(JJJ JU - aJI Slut 

4 -u^l 9 30 cm 25 cm <> AiluxAll tit 

( jj ^ ,jUt JL ^- aJ ! SjJu 

30 cm 4J^uJt Jill Jj^xaII JLuJt 


; _g_ 0-24 _ 0.24 X 10 3 

7 ~~ 15 X 10~ 3 15~ 


240 

77 


16 A 


S jIaJI 4 ovill 4 ja£ 9 4 min 10 A 4ji^i jbj ja Ij) ( 2 

• Cjbl«LA'| 


t = 4 x 60 = 240 s I = 10 A 


JaJ! 


Q = I . t = 10 x 240 = 2400 C 


: uu 1 -^ 

9 18 C jl*** 6 S S jIaJI 4W^ll 4 ja£ £)1 CjaI^ |j| ( 1 

d ^k SjUlt jLnl! S-lb * 

( e = 1.6 x 10 " 19 ) S-^'j 4 HIj SjL4l jjc. * 

. 5 ms 2.3 C j*i ( 41ui ^ SjUil jLull si4 la ( 2 

4 A jIjj jai laHe. ? 6 C JJJ-4 Jjjiluial! <>Jll L> ( 3 
3 A jlu jjja He , 60 e jjjH JjiiuiH! <>jll la ( 4 

(5 

. (w) ~ a! Mult J^L> ju ^Ji}\ li. v .i.j J * jlji. l ( f ) , t*lipj cluv w^L> 0.0 A Gjliu ^ 

V 3yi)l oi* tUil ^luall JJlu jjJ' olijjiJ'll Jll 

(6 

1 4 jLlIJ ^ a-tlAi I l-/ -Aj ^jjl Jl£ 1 . Sb U A O mjI ^3 •iajjybU'll 4aj^Jl jLd 

(7 

I'jJ Ja>w L> l'.! I m ^liu O-La J^l> jd jjjjl ^3 64 C Ujflid livl djidvJ' OjJaJI JjU3 U 

<‘72 A ^Lu 

(8 

< i.jjJ'JI JdUll jljii L -uaU Ji l\i.^> <Awl v_7 LajjjkSJj 3.2 x ID 12 ^ikaj 

( 9 

y ijiiji jjji j>> OjlaJl ^ja Sjili a *' *■ ‘3 1 jliij L 12 h ill 2.2 A ijliid Olii 4 jjilta AajL^ j$y 

(10 

> ja LjlLJ! Jj (lftjjJl •ujkA.'I jIAL L 8.0 h 3 jlI OjlLy J*^l> 3.6 A ojl jJu Ijl^J j>vA sliA^ 

V 3yiJl ^ 
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jLuLo Lo i -os aULs <_j LL sc^tiJ I 100C T7 1 ^LLJI ^wq 500 J » «»l 

^ iasjLmi j JlA i _JLc. 

(15 

3^_jI J rv. 2.5F -•* ***■ ^ 12\ slj 3^1 J i ii ^ (, ' y" 1 *** 1 1 a 1 1 ^ t \ j | a_xr< 1 a 


.AajIj liiiuu ^ SjUJl AajLj^SJI ^ jIjSa • ( I ) 

^ CjU jjjSJVI 4_yA CjU^aaII dJA ) 

jA j S^i! jJ! ^ 4 jl^ ,ja 1| Cjllauil! dl^j| 4jj ( j]& ^Ua^l ; jLuil dl^jj 

. ljUjjjSJVI 4£. dl^jl (JaSC' 


j~^Q 



,UI .u; 



r 

Q •->. 

n 


®-»a 




i ■ 

1 , 

vte. 


1/ »— p< 

u 



■*-© *-@ *-e 

a-© a-© *-© 


jL^aa. »U:I 


: </' 


'J \^aW laIUaII uJaiil (jl\ j.s.^aW lja ja]| c-Jalil ^ja jLnll jaj 

AihbJb jLulj S^i ^Jasu 

7 = 1 

t 

iLla. 

i 1 b j b -tJ ^ o *A_ (_u I 

“ ” 

L ^ ^J^2=jJb A 3 d ' -Lj_42“=J CJ 

? 15 ms 0.24 C jUUI S^i U ( 1 

• CjbiaxAil 

Q = 0.24 


t = 15 X 10 -3 


: <>J' 





.Sjt jaJt 4^jA Cj jjj Aj& jtjjlt SaJu ^Jcr Ajuju V A^jlLdJl 



• SjtjaJt 4-ajA CjLu Al& 4-4 jULaII (jlz SjjjjjJt Jjal j*Jt 

( ^ja-ua <jju£*J)j 5 AJLajjLa CjAtj J^a^t JjL At j La 1£ ) J^j^Jt JjJa ( \ 


tiliuJt ^OlL 4 4-^lui4 CjJlj Ul£ ) J-uflj-dJl ^lajLa 4^Lut4 ( 2 
( ^a^u2 (jj&Jjj 9 4-4 jIAaJI ilild 


( jLult jjj-aJ I^Ia I jli4 du^. qa At j-4^1 (. fill Vi ) # Jj^a ijaJ) SaLa P jj (3 


20 °C S jt 4-^jA 6^ At j*Jt <jjmu 4-4 jlia L-fcH^t juia jj JjAa 


Resistivities at Room Temperature (20 °C) 



Substance 

p(n-m) 

Substance 

p(O a m) 

Conductors 


Semiconductors 


Metals Silver 

1.47 X 10 8 

Pure caibon (graphite) 

33 x 10 5 

Copper 

1.72 X lO" 8 

Pure germanium 

0.60 

Gold 

2.44 X 10“ 8 

Pure silicon 

2300 

Aluminum 

2.75 X 10" 8 

Insulators 


Tungsten 

5.25 X 10 * 

Amber 

5 X 10 14 

Steel 

20 X 10~" 

Glass 

lO^-lO 14 

I^ad 

22 X 10" 8 

Lucite 

>10" 

Mercury 

95 X 10 -8 

Mica 

lO^-lO 15 

Alloys Manganln (Cu &4%, Mn 12%, Ni 4%) 

44 X 10“* 

Quartz (fused) 

75 X 10“ 

Constants (Cu 60%, Ni 40%) 

49 X 10 8 

Sulfur 

10“ 

Nichrome 

100 X 10 * 

Teflon 

>10" 



Wood 

lOMo" 


( 4-4 jULa^I jLulj &AAi Jjj (JA ) QJ& JJ Cjl-4 ijIIaJI L-A 


: J&* 

20 V Oju A^aJt JjS j 0.8 A cPWj^ j^h 4-iuaI ( i 

: JM 

V ?0 200 

/? = - = — = — = 25f2 
/ 0.8 8 


4-4 jULaJl jIaJI jLnJt SaJu Cj! c^ufc tit 9 2 kfi 4-4 jIJLj <jjj A^J) JjjS 4 -aj3 La ( 2 

10 mA 

: cM 

R = 2 kn = 2 X 1000 = 2000 H I = 10 mA = 10 x 10 3 = 10 2 A 

V = R x 1 = 2000 x 10 2 = 20 V 


KHAMIS-F 92818606 

fjl (Jj2& J 4-4jll4]| 


.d^luuVl U jjja Aj£ CjUjjj£Vt 1^2!^ 4-S j*Jt ^ : ( R ) 4-4 jIAa]| 


£2 ^ jVt : Sa^jj 4-4 jlLait (JjjUj 

£)4J AfrjJt JjjS £a LjAjJs Ij-ujUj 4jjLj^£ SjjIJ ^ SjLaII jLjj^I dAAu ^u*il 1 T 1 ; ^jt Qjjli 

.Sjt jaJt 4 ajA AjLj Aj& j-aJ( ^ jla 



R I 


jLull ilui jJuj JJXJ J 4-4 jILa^I 

jLuit dAui jJuj jjUj V 4ajlij 4-4 jHaJI 

V 





— (vj 








R 

| J 

L-©— 



y' Ri = 

= JacJI 

i t 

{ 











i 



0 

/ 




1 

/«2 


( jVl jjc. ) <_j 

At j^t dAA ^-a-uuj 

( jIjaJ! ) uj 

At j^t dAA ^-4 -uuj 

4j-4jVI Jji At > aJ! (JA LJ^^Ait dUJblt 

4-14 jVt A\ja1\ (JA ^AUlaJ) 


Rj 4-4 jULaJ) ^ jia V ^ >'t JjjSj ( I ) jLnll Sa^i j j]| ^4 ia^^U 


^jVu44 Jaa 4i!^ IgJ) 

Rj 4-4 jILaJI ^ jLuoj lAju JjaII 






Rc 


^Ull y.ull f—jlt cl>® ( 6 
: (>> 94 jl 

, Rp 


jj^a!\ ^ y ±faA\ JjjS <jj£j CLu^j jLuIl SjJu j JjjS 4JbUJl Jla ( 7 

, I jLj^t ^ j ^SiVI 

4-ajULaJl 4-aj2 d^jl 4-iajj SjIaJI dull |j| 


/(A) 

0.50 

1.00 

2.00 

4.00 


V (V) 

2.55 

3.11 

3.77 

4.58 


4^2' JjS Ci& 

1 ^JX 1 

jldlll ddu 

i j Jj2 

£)£ 4pjLnII 4ifeLxJ! JIa ( 8 





| jlull Sii j ^Vt 



4-9 ijIIaI! 

ji 4-19 jj S SLnl\ dul£ I j| 

1(A) 

0.50 

1.00 

2.00 

400 


V (V) 

1.94 

3.88 

7.76 

15.52 



(9 

j | jfi \ jjj j ylt Ujw* 0.160 A »jIjm IjW v*^ jO** ^ 

v iLdi iujli* y li , 3.10 V Uy 

(10 

\ <lx-ajJl i^Uu jM U . 40 mA {j&j jUI jlyJl jli < i . w *.*4 3.0 V L$Jji ^ 

(11 

^ 120 V fr AJjLi >1) j Lii J| 1 j L oy Ju£ Up jjp J^il I jLuJl La , 300 £2 0*L?j a L w V v > T ui <44X» 

(12 

? jLp*i) ilUiJi u<Ull jj> L» 120 V Dj^uiiB jif>^ ji* 2.4 A ajljla IjLs ^jlll j^jiuliJl jt*> 

(13 

* 0,25 A <t jUl jLjjJI oLS l}[ 240 tt ijtiu ^ o+*Jl ^ ^ U 
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12V 4p£j]a (j;4J JjjS J ? 5 mA 4j.1uu IjUj lA jfi> j-aj 4-a jlla 4-9 j3 l_ 

12 12X10 3 


1(3 
: JaJl 


« = - = 

/ 50X10- 3 


50 


12 000 ,. A _. 

R = = 240 n 

50 


25 V ■*$■?■ <jjS IfrAA 3 Cm 20 k£2 jjc SjUJI jtull »Au lu&I ( 4 

: cM 



25 

20 X 10 3 


— X 10- 3 
20 


1.25 111 A 


(5 

_ij J i jy jjUy L»4^ 0.160 A jjlj aj tjj? v-w^U rL*^ 4*** 

v *JL *J1 jA la , 3.10 V lay 

: ^V=W^i^l5 r UwUj* 


V , 3.10X 
" J 0.100 A 


19 4 fl 


: OiJ^ 

130 Y LfAA 3 Cm <Jj® , 250 £2 AajHa jjc SjUll jLull i±u> uiut^l ( \ 
300 jiA IjIjj U jjfr jaj , 90 £2 Aajtia ^Ja cm ^^l <jj3 «— ( 2 
5 A I jLu lA jjfr jaj 20 V ( 1)^ ^ (JjS 5-ajlAa 4_ajS i-ji.ia! ( 3 

3 mA IjUi U jjfr ja j 5 6 k£2 tAA 3 Ow « 1 ^1 <jj2 'i- 4 ^ v - i A ' ( 4 
160 V I^Uj^ Cm tlA , 40 £2 Jjfr SjUII jUill i±Cu AajS U ( 5 




Vab = £ - Ir 

(1 = 0) Vab = £- (0xr) = £ 

(1^0) Vab = £ - Ir 


( I — Imax ) ► £ Imax * r 


V(V) 



Vab = £ - Ir = zero : ' i' 

tilh J V a b A-4j2 ^LHHudJ £)) fyyi Ijll (J-d UjIIaL ; (j\ 

1 = 0 l 

Vab = £ d* 


U hj [ tul jiJI (EMF) <uiUI ij2)l 

. I <— nUj Jij-lll j-i* iiLalil IaJIjJI oyll j ju,A 4 Syb iLxiil iUjUauJl J*a3 

: Vv JUilX j^>JI ^1* J*a>J % <> rjv Ir ^1>!JI xpJI j ^ jlj 7 I^Lw L^O 
V^IS-fr 

* : 

ijJljJj Lp4 p Jill jlu)l jlj Ub Opljll UjJJU ijjlbuJ I *iLuuj; JfxH 1 

oljU If I tkamo vjjj jj OjikJl jjSji 4 JL 9 J I h SjUJJ JLuJ> <d>b 4 jwJ>JI 4j»jUkjJJ j*5u 2 

. .ui>Ul LfltjUj Qjlj iLjllaJI yk£ jlj Lbj , LjJ QjjiH 4f>iill j^ij Li <Ajlj 5t(3 JU» 5 jxA 


: 

5 4(1 A-a jUL&j 9 212 Aul^l ill IflJLa jlLa j X0 V AojLj^AJ! Ajdlill S jS AjjUflj Coiu2 j ( 1 


-®- 

2.0011 10.0 V 


-wsa*|:— 


— 1 vw- 

4xwa 


SjAIaI! ^ SjLall jLjII 9Ati 
R A^jIIaII ^Ja £jj A 43JI JjjS 
r (^Ja AfaJt Jjj2 


0.511 5.0 V 
wi 1 


w 

2.00 


■<*H 


J 10 V 4jjLj$£ll 4*2tAlt IgjjS AjjILj diLaj ( 2 
luaI 4il 4_ajli»J ? 212 Aj&IaII l^lajlLa 
SjAIaI! (jk SjLalt jLjjII »Au 
R 4-«jIaa1I (jkja £jj A^-aJl Jjjfl 
r ^jla £jj JjjS 
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(14 

ipjl ^ i j L»Aj _.'ajjl oaA *Li-> pS . 120 V oo$> jA-uj *i^ay Ait 0.40 A &jIaa» IjU U ^liu J**j 

2 144 V J| a+*JI j^i (y) . 96 V Jl 

(15 

ijj ijtL^)h cl.uni i-Ajlii L 4 . Iaj 1.5 V L^ij JS 5y o'^jtbj 

<’ 0.60 A tjloli k-i>vAi o08 

(16 

. ^liul oju^ . 9 V a jjl^ .,v^ >J \ LiikP pjlij J^l> <^L» 3 j1 \£j*+j (i.O x 10 1 UjIjL* 


. AjUaJl Jj Aj ( jC- A^jUil A-4 jlLxl) : r AjjUa^Ii 4jik!^! A-a ijIaaII 







Vab = £-V r 
£ = Vab + V r 

£ = IR + Ir 


i 


: <J&» 

Alua ij4» , 212 AaIAIaII 1^14 ijlAa j 12 V ^ajUsaI 4ajUj^£1I A*S1a1! S jaII Cul£ lAl ( 1 

__ UIuaI ? 40 4-4jlA4J 

1 . 9 >ilA2l (jk 9 jLall jlAill 9Aui 

R i^Ja (2)JJ A^-a2l Jji 

: <>J' 

£ = 12V r = 2 n R = 4a 


-WV^jh 


r- 2n.f - 12V 


— AAAA- 
«-4n ** 




1 = 


12 V 


R + r 411 + 2ft 
Vr= £ — V r = £ -Ir = 12-(2x2) = 8a 
0 V R = RI = 4 x 2 = 8V 


= 2 A 


r f 
>vw^ 


-®- 1 


j AalUl]j SjJl jil SjUJl jLnll S J^ai Ai^UJl ^uuj ^ 
: A-4j11aJ| jla ^jj JlflA.ll 

V ab = £-V r 


10 4*3 1 .ill Sjill ^1^ — ^ ^ s.Ljkll 


S jl\^l\ S jIaII jLnll s^i j AjjUaJl ^ jia (jJJ ,^,>1) Jjj3 4^#ll 4ifctx3l J^La. ( 8 

v(v) ^jl : ^hWj4^' 

AjjUaolI 4 jjLj££J| 4*3|.i3l S j*ll 
4-jjlhj'l 4^1^lill *Laj1aa2| 



/(A) 


j-i+2 4— ua3 jLu) JjijLjil 4_iaji j-4 luj j ^3jldl 4 jluu *U ^liu jj 3.2 A a^l-liu jLj 


(9 

Uoic 


? OjiU <*1»M ‘Ujill j* U 1.28 V Jl 1.57 V 

(1 ° 

* 0.1ii 1.G7 V OjLLu jj jLj 0 Lt 

(n 

r» ^M jjj 4.5 £2 ^j15uj Ju^j OjlLuu lijju? 0.2 A a ^jiu I^Lu 1 . * >>■■> < 7 Q ■ 

i^j'JxJJ g>!ill Ljttll (<-j) j («mf) 5-u^iii 4 ajIjJI j^l'l ( 1 ^ ji>j| , Syljjl y 0.3 A 

( 12 

oli ^L-aII B»La[ jmFj 1.5 \ L$k» Ji &*i» Jl^ill «dLajU AA ^mJI ^ oLjltu Jaa^ v-*^> • 

v L»yiu Jil <J>!jJl ujIaII ^ U . 3.3 V J| ol^ll^JJ tf jjUl jl^jxJI iu^j 0,5 A ojIjxi IjLj 

( 13 

50 12 L^_l.w?y jo> 11.7(5 j^x»4 24 12 ^jliuy ^Liu Ljk 11.52 V p ^luju JJl ,l4>)I b 

. aj1>IjJ( IjlSj ijjLkxU i.emfj jl> J 



AjjUojil AjjLj^£J| 4ji3l.il I Sjill 
4jjUajdl 4 a1aI . ill Aa jIaaJI 
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4.00 A 


1 


^jlSi R AajIaaj 9 r 4ul^l.ill I^IajIAa j 24 V Akkj^ll 4*3 1 .ill l^j j3 Ajjllaj laL^j ( 3 

T 244) v , 21.2 V R ^Ja £jj jjja 

-vw^l 

T 

4.00 A 

V = 21.2 V 



R Aa ijIaaII *Lu3 
r AajIAaII Aaj 3 


5.0 n 


Cli^aj X.6 12 4J1UI I^ja ijIaa j 16 V Ajjkj^ll 4*3 1^1 1 ij3 4 jjU*j Colua J ( 4 

1.611 16.0V R3 = 912jR2 = 2£2j Ri = 5 £1 cjUjtia 

W 4 •— ) • uuaI 

U * 

S j-il^ll ^3 SjIaII jLull dAui 

V ' 011 R2 J Ri CjUjliilt ^Ja JjS 



jj ft SjLalt jUjI! »du ‘ 212 ^ajILaj ? 0.5 12 4j141j 11 L^JLa jlLa AjjUoj Ciluaj ( 5 

OJil 9 2 A 

wt|; 1 212 ijija £#j JfaJl JjS 

2 ^ i MjjUsjII 4jjLj^4ll 4 jl21 aSI Sjill 


W - 

2.0 il 



, 0.2 12 AjIIIjII l^lajlia AjjUsj Cil^aj ( 6 

' , ( 21.2 V ) R ^Ja Ojj jfalt (Jj3 212 

a <_yi SjLalt jLjjII »Au 
r A^jliall J^aJt JjS 

» Jill 


V = 21.2 V 


(7 

(y) i OjlLuil •uL>Ui L.Uli U ( i ) . 9 V Ijjilu j>£ J-aw LaJu^c 150 mA tjljJu IjLj 58 LI .*'Ju 

* U-^y jj ip ^lUI ^ijlaJ i a^ij y 


